Introduction
Although Cu 2+ in water is a hazard to many aquatic organisms, minute amounts of Cu 2+ in the diet are needed for human, plant, and animal enzymes (serving as enzyme activators). 1 Thus, the determination of Cu 2+ in water samples is warranted by the narrow window of the concentration between essential and toxic. 2 Cu 2+ is known to catalyze lipid peroxidation, possibility forming free radicals. However, Cu 2+ is usually incorporated into stable complexes within cells or vascular fluids. Cu 2+ is essential for hemoglobine formation, carbohydrate metabolism, catecholamine biosynthesis, and the cross-linking of collagen, elastin, and hair keratin. In non-polluted areas, a baseline concentration as low as 0.3 µg L -1 has been recorded. 3 Pb 2+ is listed by EPA as a class-B2 carcinogen. 4 Most of the Pb 2+ in inner-city soil and water comes from landfills and leaded paint. Landfills contain waste from Pb 2+ due to mining, ammunition manufacturing, and from other industrial activities, such as buttery production. Human absorbs Pb 2+ in small amounts from food, water and air. Pb 2+ ions inhibit a select group of enzymes, including thiol-dependent enzymes involved in heme synthesis and mitochondrial energetics. The toxicologic effect of Pb 2+ may result from the ability of Pb 2+ to uncouple oxidative phosphorylation and modify mitochodrial ion transport. 4 Pb 2+ also decreases glucose-6-phosphate dehydrogenase activity in human, and thus decreases the glutathione level in red blood cells. When the blood Pb 2+ concentration is near to 80 mg L -1 or greater, basophilic stripping occurs in erythrocytes.
The analysis of Pb 2+ ions at low concentrations, in the presence of other cations at high concentrations, is needed with very sensitive techniques.
The usual methods for the determination of Pb 2+ in solution involve potentiometry, spectrophotometry and atomic absorption spectrometry, [5] [6] [7] inductively coupled plasma-mass spectrometry, graphite furnace atomic absorption spectroscopy, neutron activation analysis, inductively coupled plasma-atomic emission spectroscopy and direct current plasma atomic emission spectrometry. [8] [9] [10] [11] [12] Potentiometric, spectrophotometric and atomic absorption spectrometric methods are simple and economical, but are not sufficiently sensitive. The other methods may be used for the determination of Pb 2+ at the trace level, but their instruments are expensive, day-to-day maintenance is high and they are not free from various types of inherent interferences. However, due to the presence of Pb 2+ in environmental and biological samples at low levels, its separation from other elements present and also the use of a preconcentration step prior to Pb 2+ determination can be necessary. A literature survey reveals that metal ions may be preconcentrated on different adsorbents, such as thiol cotton, 13 green tea leaves, 14 cellulose, 15 silica gel, 16 silanized glass beads, 17 polythioether foams 18 and ion-exchange and chelating resin. 19 Some of these adsorbents may be fairly effective for the preconcentration of the sorption of ions, but their preparation methods are lengthy and involve rigid control of the conditions. The solvent extraction of different metal ions has been widely employed in chemistry and industry for many years. 20 However, the use of classical extraction methods is usually time-consuming and labor-intensive, and requires relatively large volumes of high-purity solvents. Additional concern is disposal of the solvent used, which can create severe environmental problems. The synthesis of a new form of mesoporus silica molecular sieves, 21, 22 prepared using surfactants as organic templates, initiated a new field of research in material science. Among them, MCM-41 is the most studied. It possesses a uniform hexagonal array of linear channels constructed with a silica matrix, like a honeycamb. The diameter of their channels can be tailored by using surfactants with different molecular size. Due to the high surface area and the large channel diameters, these materials attract much attention as a new hosts for large molecules. [23] [24] [25] The major advantages of the modified MCM-41 include: (1) a much shorter sample processing time due to the warm like of particles, which allows sample processing at much higher flow rates, (2) reduced channeling resulting from the use of a uniform diameter sorbent and a greater mechanical stability of the sorbent.
In this work, we introduced a novel method for fast separation, preconcentration and ICP-AES determination of ultra trace amounts of Pb 2+ and Cu 2+ in various samples. To the best of our knowledge, this is the first application of modified MCM-41 with salophen for the separation and preconcentration of Pb 2+ and Cu 2+ .
Experimental

Reagents
Fused silica (Cab-O-Sil Degussa), sodium silicate (Aldrich), and TMA-silicate (Sachem) were used (extra pure grade). All organic solvents (HPLC grade) were from Merck Chemical Company. All acids (extra pure grade) used were from Merck. Analytical-grade nitrate salts of lead, sodium, potassium, magnesium, calcium, strontium, barium, cobalt, nickel, cadmium, zinc, manganese, iron and silver (all from Merck) were used without any further purification. TDSB (2-[(2-{(E)-1-(2-hydroxy phenyl)ethyliden]amino}phenyl)ethanimidoyl]-phenol) was synthesized and purified as a general procedure (Fig. 1) . Doubly distilled deionized water was used throughout.
Synthesis of silylated MCM-41
The MCM-41 was synthesized according to Reddy and Song, 26, 27 using a gel composition (in mol) of 100 SiO2, 8.64 Na2O, 4.38 (TMA)2O (tetramethylammonium hydroxide), 31.24 CTMABr (cetyltrimethylammonium bromide) and 6330 H2O. A clear gel was obtained after 10 min of stirring a mixture containing fumed silica (Cab-O-Sil Degussa), sodium silicate, and TMA-silicate in the water. Addition of CTMABr was followed by vigorous stirring for 60 min. The so-obtained dense foam was maintained for 24 h at 100˚C in a Teflon-lined static autoclave. A white solid was filtered off and dried in air; 1.0 g of solid was treated under reflux at 100˚C in 20 ml of a 1:1 mixture of hexamethyldisilazane and hexamethyldisiloxane (HMDSO) for one night. The silylated MCM-41 was washed with ethanol and dried in air. The surfactant was removed from the solid, using HCl 0.1 M in ethanol. 28 MCM-41, as mentioned in the introduction of our article, is a new mesoporous form with hexagonal array. It is necessary to monitor XRD for two reasons: (1) for showing high order of pore regularity and (2) for forming a hexagonal array.
The specific surface (about 800 m 2 g -1 ) of MCM-41 gives information about the surface compared to other compounds such as silica gel (about 450 m 2 g -1 ). It shows that our material is more porous than the other.
Modification of silylated MCM-41
After 50 mg of salophen (TDSB) (Fig. 1 ) was dissolved in 5 ml of chloroform, 50 mg of silanized MCM-41 was added to the solution and the mixture was stirred for 5 min. The resulting mixture was filtered and dried in air.
Apparatus
The Pb 2+ and Cu 2+ determinations were carried out on an ICP-AES Varian, Model LIDERTY 150 AX Turbo. Ultra-trace amounts of Pb 2+ and Cu 2+ ion were determined by Gamma spectrometry, Silena-Italy with an HPGE detector. The XRD was obtained using a Siemens D500 diffractometer employing nickel-filtrated Cu Kα (λ = 0.15418 nm). The specific surface was determined from the linear part of a BET plot (p/po = 0.05 -0.03) at 77 K using Omnisorb 100. The filter paper used was Schleicher & Schuell, 589 black ribbon, ashless, 110 mm, (No. 300010).
Sample extraction
The general procedure for the extraction of Pb 2+ and Cu 2+ ions by the modified MCM-41 was as follows. To a 100 ml sample solution containing 1 µg Pb 2+ and 1 µg Cu 2+ , 4 mg of modified MCM-41 was added, and the mixture was stirred for at least 2 min. Then, the resulting mixture was filterated on paper filter (flow rate = 100 ml min -1 ). After extraction, the extracted Pb 2+ and Cu 2+ on the paper were stripped using 5 ml of 3.0 M solution of nitric acid into a 5 ml volumetric flask; the Pb 2+ and Cu 2+ concentrations were determined by ICP-AES.
Procedure of determination of cations by GS
A known amount of sample (solid or liquid) was taken and poured in a small bottle. The bottle was placed in a suitable place into a neutron activation reactor, and radiation was carried out for a period of time. Then, the activated sample was placed in a Gamma Spectrometer for counting the γ-radiation.
Results and Discussion
Salophen (TDSB), which is insoluble in water at neutral pH, can form stable complexes with Pb 2+ and Cu 2+ ions. Our recent conductometric studies in an acetonitrile solution revealed that it can form a fairly 1:1 stable and selective complex with Pb 2+ and Cu 2+ ions. 29 Thus, we decided to consider its capability as a suitable modifier for the separation and preconcentration of Pb and Cu 2+ ions with silanized MCM-41.
Choice of eluent
Some preliminary experiments were carried out in order to choose a proper eluent for the retained Pb 2+ and Cu 2+ ions after the extraction of 1 µg of Pb 2+ and Cu 2+ in a 100 ml solution by a modified MCM-41. The Pb 2+ and Cu 2+ ions were stripped with different concentrations (0.5 -3.0 M) of various acids; the best results are summarized in Table 1 . From the data given in 
Flow rate and extraction time
The influence of the flow rates of the sample solution from the modified MCM-41 on the retention of Pb 2+ and Cu 2+ ions was investigated. It was found that, in the range of 10 -200 ml min -1 , the retention of Pb 2+ and Cu 2+ by the MCM-41 was not affected by the sample solution flow rate. It should be noted that this method is one of the faster methods for selective extraction of cations from aqueous samples.
The effect of the extraction time on the efficiency of extraction for a series of solutions containing 1 µg of lead and copper was studied, and the results showed that the extraction time (from 2 to 60 min) has no effect on the extraction efficiency of the ions.
Although the extraction process can be performed during the filtration process in many cases, in this method the minimum time of the compelet extraction is 2 min. Thus, in this case, it seems that the effects of the flow rate and the extraction time can be evaluated separately as discussed experiments.
Effect of the amount of modified MCM-41
In order to investigate the optimum amount of modified MCM-41 on the quantitative extraction of Pb 2+ and Cu 2+ , the extraction was conducted by varying the amounts of the modified MCM-41 from 2 to 10 mg; results are given in Table  2 . As can be seen, the extraction of Pb 2+ and Cu 2+ is quantitative by using 4 mg of modified MCM-41. Hence, subsequent extraction experiments were carried out with 4 mg of modified MCM-41.
Effect of the pH
The effect of the pH of aqueous samples on the extraction of 1 µg Pb 2+ and Cu 2+ from a 100 ml solution was studied in the pH range from 1.0 to 10.0. The results are shown in Fig. 2 . The pH was adjusted by using 1 M of either nitric acid or sodium hydroxide solutions. Figure 2 indicates that the Pb 2+ and Cu 2+ ions can be extracted quantitatively by the modified MCM-41 in the pH range of 4.0 -10.0. At a lower pH (< 4.0), the nitrogen atoms of the TDSB should be protonated and reduce the stability of complex formation between the TDSB and Pb 2+ and Cu 2+ ions.
Analytical performance
The break-through volume of the sample solution was tested by dissolving 1.0 µg of the Pb 2+ and Cu 2+ in 100, 250, 500, 1000, 2000 and 2500 ml portion of water. The recommended procedure was followed. In all cases, the extraction by modified membrane MCM-41 was found to be quantitative. Thus, the break-through volume for the method should be greater than 2500 ml.
The detection limits (LOD) of the proposed method for the determination of Pb 2+ and Cu 2+ were studied under the optimal experimental conditions. The LOD obtained from CLOD = KbSbm -1 31,32 for a numerical factor of Kb = 3 is 335 and 34 ng L -1 (ppt) for Pb 2+ and Cu 2+ , respectively. Sb is the standard deviation of the blank measurement, Kb is the confidence factor (the factor Kb is most often chosen to be 2 or 3), and m is the slope of the calibration curve at a particular concentration.
The maximum capacity of the 4 mg modified MCM-41 was determined by passing 100 ml portions of an aqueous solution containing 1000 µg of Pb 2+ and Cu 2+ through the modified MCM-41, followed by a determination of the retained metal ions using ICP-AES. The maximum capacity was found to be 150 ± 4 and 117 ± 3 µg of Pb 2+ and Cu 2+ ions, respectively.
Separation and determination of copper and lead in binary mixtures and synthetic samples
In order to investigate the selective separation and determination of Pb 2+ and Cu 2+ ions from water containing diverse metal ions, an aliquot of aqueous solution (100 ml) containing 1 µg of Pb 2+ and Cu 2+ and various amounts of other cations was taken and the recommended procedure was followed; the results are given in Table 3 . The results show that the Pb 2+ and Cu 2+ ions in the binary mixtures are retained almost completely by the modified MCM-41.
Determination of lead in wastewater
The proposed method was used for the determination of Pb 2+ in two different wastewater samples (Calcimine and Dandy, ).
Zanjan, Iran) ( Table 4 ). As can be seen, the results obtained by the proposed method and Gamma spectrometry (GS) are in satisfactory agreement.
Determination of copper and lead in black tea
The proposed method was also applied to the determination of Pb 2+ and Cu 2+ in two black-tea samples. The procedure used for the extraction of Pb 2+ and Cu 2+ from samples was similar to that reported in the literature. 33 After 10 mg of a dry sample (dried at 110˚C) was placed in a 50-ml beaker, 7 ml of concentrated nitric acid was added, and the beaker was covered with a glass watch. The beaker was allowed to stand over night, and the contents were heated on a hot plate (150˚C for 15 min). The sample was then cooled, 8 ml of perchloric acid was added, and the mixture was heated again at 200˚C until the solution became clear (about 1 h). The glass watch was removed and the acid evaporated to dryness at 150˚C. The white residue was completely dissolved in 5 ml of 1 M nitric acid, and the solution was transferred to a 100 ml calibrated flask. The solution was then neutralized with a proper NaOH solution. The resulting solution was diluted to the mark, and the recommended procedure was followed. The results are given in Table 5 . As can be seen, the amounts of Pb 2+ and Cu 2+ in black tea samples could be accurately determined with the proposed method.
Determination of Pb 2+ and Cu 2+ in black and hot pepper
A 10 mg sample of pepper was taken into a beaker and dissolved in concentrated nitric acid (5 ml) with heating. The solution was cooled, neutralized with a NaOH solution, diluted and filtered. The filtrate was made to 100 ml with water in a calibrated flask. An aliquot (10 -20 ml) of the sample solution was taken, and Pb 2+ and Cu 2+ were determined by the general procedure. The results are given in Table 5 . As can be seen, the results obtained by the proposed method and Gamma spectrometry are in satisfactory agreement. 
